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Lighting up Peptidergic Neurons
that Mediate a Complex Behavior
A recent study in which a calcium-sensitive fluorescent protein
was expressed in transgenic Drosophila has shown that
a command neuropeptide that turns on a complex behavioral
sequence elicits a spatially and temporally complex pattern of
neuropeptide signals.John Ewer
Insects and other arthropods have
an external skeleton that gives the
animal its shape, supports its
muscles and prevents
desiccation. This rugged body
design is likely to explain, at least
in part, the great success of this
incredibly diverse and prolific
group of animals. Yet, as anyone
who has outgrown their shoes
knows, an external skeleton
greatly constrains growth.
Arthropods have solved the
challenge of growth by
periodically replacing their
exoskeleton in a process called
the molt. As they reported
recently in Current Biology, Kim
et al. [1] have identified ensembles
of peptidergic neurons that
control molting behaviors in the
fruitfly Drosophila and provided
new insights into their time
course of activation. Beyond the
significance of this work for
insect biology, their findings
provide insights into
mechanisms by which
neuropeptide hormones activate
behaviors in all animals.
Most people are not impressed
by insectmolting becausemuch ofit is hidden from sight and occurs
beneath the exoskeleton of the
current stage. We are also not
impressed because molting
occurs so seamless and flawlessly
that it appears to be a simple
process. But events beneath the
surface reveal instead a complex
and highly regulated process. A
particularly critical event in this
process is the shedding of the old
cuticle and the maturation of the
new one, which is collectively
referred to as ecdysis. Ecdysis,
the most flamboyant example of
which is the emergence of the
adult butterfly from the chrysalis
followed by the expansion and
hardening of its wings, is caused
by deliberate activation of
a complex behavioral sequence
that is controlled by a suite of
interacting neuropeptides
(reviewed in [2,3]).
Two neuropeptides are known
to trigger ecdysis behaviors in
intact animals: ecdysis triggering
hormone (ETH) and eclosion
hormone (EH). Both
neuropeptides are normally
released just before ecdysis, and
injection of either peptide into an
animal that is completing a molt
causes release of both peptidesand activates the entire behavioral
sequence. What lies downstream
of EH and ETH release remains
unclear, but two pieces of
evidence suggest that ETH plays
a critical role. First, addition of
synthetic ETH to an isolated
central nervous system (CNS)
turns on the ecdysis motor
program in the moth Manduca
sexta [4,5]. Second, a genetic
deletion of the eth gene in
Drosophila causes a fatal failure at
ecdysis [6]. Assuming that ETH
actions are conserved between
moths and flies, these results
suggest that ETH is necessary and
sufficient for ecdysis. Knowing
where ETH acts might therefore
provide important clues into the
neural bases of ecdysis and its
regulation.
Kim et al. [1] have followed this
lead by first identifying cells that
express the ETH receptor. ETH
acts via two G-protein coupled
receptors that are produced by
alternative splicing of a single ETH
receptor gene, CG5911 [7,8].
In situ hybridization experiments
using isoform-specific probes
revealed that these two receptor
isoforms, ETHR-A and ETHR-B,
are expressed in mutually
exclusive populations of neurons.
ETHR-B-expressing cells remain
unidentified. By contrast, most
ETHR-A neurons are peptidergic,
and many of them are already
familiar: they include the EH
neurons, which are known to
respond directly to ETH [9], as well
as most of the neurons that
produce crustacean cardioactive
peptide (CCAP), a neuropeptide
implicated in the control of ecdysis
[5,10]. A subset of CCAP neurons
Dispatch
R683Figure 1. Calcium dynamics in a central peptidergic ensemble monitored by fluorescence imaging during performance of an innate
behavior in the fruitfly Drosophila melanogaster.
Stepwise recruitment of numerous peptidergic ensembles is associated with performance of a stereotypic, centrally patterned
behavioral sequence — pre-ecdysis, ecdysis and post-ecdysis — required for shedding of old cuticle during insect development.
The upper panel shows fluctuations of calcium levels in CCAP/MIP neurons in abdominal neuromeres 8 (top arrow) and 9 (middle
and bottom arrows). The bottom panel shows two contraction cycles of ecdysis behavior. (Figure created by Young-Joon Kim;
details are provided in the paper by Kim et al. [1].)make myoinhibitory peptide (MIP)
as well as bursicon, a hetero-
dimeric hormone involved
in wing expansion and hardening
of the new cuticle [11–13]. ETHR-A
is also expressed in the ‘Tv’ subset
of neurons producing
FMRF-amide, as well as in
neurons that produce kinins,
neither of which have previously
been clearly associated with the
control of ecdysis.
Having identified these targets
of ETH, Kim et al. [1] then injected
ETH into the animals just prior to
pupal ecdysis, and followed the
time course of induced ecdysis
behaviors. In parallel experiments,
they expressed a calcium-
sensitive form of the green
fluorescent protein (GFP) [14,15]
in Tv, EH and CCAP neurons by
making appropriate transgenic
flies. They then challenged with
ETH isolated pre-pupal CNSs and
monitored the changes in GFP
fluorescence in each of these
populations of neurons (Figure 1).
As the GFP used in these
experiments monitors changes in
calcium level, the time course of
changes in fluorescence likely
tracks the sequence ofneuropeptide release from each
population. Kim et al. [1] observed
that ETH injections caused
increases in GFP fluorescence in
subsets of target neurons at
specific times during the expected
playout of distinct phases of the
behavioral sequence. Thus, the Tv
neurons were activated early, at
a time when intact animals
express the preparatory behavior
called pre-ecdysis; by contrast,
the EH neurons lit up later, at
around the time that intact animals
turn on ecdysis behavior.
Interestingly, different CCAP
neurons showed increases in GFP
fluorescence at different times:
there was an early and relatively
sustained increase in CCAP
neurons in the third thoracic
ganglion which started at a time
corresponding to pre-ecdysis; this
was followed by activation later in
pre-ecdysis, continuing into
ecdysis, of CCAP neurons in more
terminal regions of the CNS that
also express MIP. Finally, CCAP
neurons that co-express CCAP,
MIP and bursicon showed
increases in fluorescence which
reached a peak towards the end of
ecdysis and persisted duringpost-ecdysis for at least 40
minutes.
This festival of lights has
provided unprecedented insights
into how a neuropeptide acts on
the CNS to activate a complex
behavioral sequence by revealing
the identity of downstream targets
and thephasesof thebehavior that
eachmay control. In particular, the
results show that there is likely
functional segregation among
neurons that express a common
neuropeptide, such as CCAP. One
unanswered question is the basis
for the delay in the increases in
GFP fluorescence seen in different
populations of neurons. Assuming
that ETH reaches each target
at approximately the same time,
the diverse yet stereotyped time
of activation may reflect the
presence of inhibitory inputs.
Although the presence of
descending inhibitory influences
has previously been proposed
[16–18], their nature remains
elusive.
It is notable that most of the
ETHR-A neurons appear to be
peptidergic (whether the same
holds true for ETHR-B is still
unknown). One action of ETH is
Replication Termination:
Mechanism of Polar Arrest
Revealed
The Tus–Ter protein–DNA complex of Escherichia coli blocks
progression of DNA replication from only one direction at the replication
terminus. As the replication fork helicase unwinds one side of Ter,
a conserved cytosine flips out of the duplex and binds to Tus, thereby
creating a locked complex that blocks the advancing helicase.
Daniel L. Kaplan
Replication of the circular
chromosome of the bacterium
Escherichia coli initiates at a
unique origin, with two replication
assemblies, known as replisomes,
which advance in opposite
directions from the replication
initiation site. The replisomes
move bidirectionally around the
circular chromosome, and
eventually approach the
replication terminus — located
opposite the initiation site — from
opposing directions. The
replication terminus contains DNA
sites called ‘Ter’ which are each
bound by the protein monomer
Tus [1–3]. The Tus–Ter complex
can block a replisome
approaching from one direction,
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R684thus to activate a class of CNS
targets that would in turn act
broadly on targets further
downstream. In some cases, these
actions will likely be ‘activational’.
Indeed, consistent with previous
findings [10], Kim et al. [1] found
that ablation of the CCAP neurons
completely prevents the
expression of ecdysis. In other
cases, such actions will likely be
‘modulatory’: For instance, Kim
et al. [1] showed that ablationof the
Tv neurons causes no obvious
defects in ecdysis behavior. A
similar but probablymore complex
situation obtains for EH neurons.
Indeed, genetic ablation of EH
neurons causes quantitative
changes to the ecdysis behaviors
of the larva [19], a non-fatal
disorganization in the events that
take place at adult emergence [20],
and, paradoxically, renders the
animals insensitive to ETH
[16,19,20]. Identifying the targets
of these downstream
neuropeptides will help elucidate
the nature of these actions, and
may also identify central pattern
generators underlying different
phases of this innate behavioral
sequence. The unraveling of these
mysteries will undoubtedly shed
light into the neural and endocrine
bases of ecdysis, and continue to
provide important principles
regarding how neuropeptide
hormones regulate animal
behavior in general.
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